Proteasome inhibition up-regulates p53 and apoptosis-inducing factor in chondrocytes causing severe growth retardation in mice.
Proteasome inhibitors (PI), a novel class of anticancer drugs, are relatively well tolerated and have recently been introduced into the clinic for the treatment of multiple myeloma. The tumor selectivity and low toxicity of PIs are surprising, given the crucial role of the ubiquitin/proteasome system in a multitude of cellular processes. Here, we show that systemic administration of PIs specifically impairs the ubiquitin/proteasome system in growth plate chondrocytes. Importantly, young mice displayed severe growth retardation during treatment as well as 45 days after the cessation of treatment with clinically relevant amounts of MG262 (0.2 micromol/kg body weight/injection) or bortezomib (1.0 mg/kg body weight/injection). Dysfunction of the ubiquitin/proteasome system was accompanied by the induction of apoptosis of stem-like and proliferative chondrocytes in the growth plate. These results were recapitulated in cultured fetal rat metatarsal bones and chondrocytic cell lines (rat, human). Apoptosis was associated with up-regulation of the proapoptotic molecules, p53 and apoptosis-inducing factor (AIF), both in vitro and in vivo. In addition to the observation that AIF is expressed in the growth plate, we also provide evidence that AIF serves as a direct target protein for ubiquitin, thus explaining its prominent up-regulation upon proteasome inhibition. Suppression of p53 or AIF expression with small interfering RNAs partly rescued chondrocytes from proteasome inhibition-induced apoptosis (35% and 41%, respectively). Our observations show that proteasome inhibition may selectively target essential cell populations in the growth plate causing significant growth failure. These findings could have important implications for the use of proteasome inhibitors in the treatment of childhood cancer.